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Abstract 
Speaker age estimation is one of the most commonly researched fields in 
the domain of social perception based on voice. Previous findings confirm 
a strong correlation between the estimated and calendar age of speakers, 
however, younger adult speakers are usually perceived to be older, while 
older speakers are thought to be younger than their actual age. Effects of 
listener factors, such as age and gender have also been researched. The 
purpose of the present study is to examine if a more sophisticated auditory 
mechanism, which can be attributed to music training, results in more 
accuracy in speaker age estimation. The present research found correlation 
coefficients between calendar ages and mean estimated ages comparable 
to those reported in the literature, and musicianship and listener gender 
were not proven to have a significant effect on age estimations. Linear 
mixed models, implemented on three age groups, revealed some marginal 
differences between musicians and non-musicians, implying musicians’ 
more accurate age estimations in some cases. 
Keywords: speaker age estimation, social perception, musicianship 
1 Introduction 
1.1 Social perception 
When we hear another person speaking, it is not only the linguistic message that 
we decode from the acoustic structures of speech. As Krauss (2002) says, in 
addition to what is said, human voice conveys considerable information about 
the speaker, and listeners use this information in human interaction. Based on 
speech, we infer a variety of speaker traits and make social judgments. These 
judgments are, however, based on vocal stereotypes and may even lead to 
prejudices (Drager, 2010). While a wide range of experiments have been 
conducted to explore humans’ ability to infer different objective traits, such as 
speaker gender (Gelfer & Bennett, 2014), body size parameters (Rendall et al., 
2007; van Dommelen & Moxness, 1995), or age (Moyse et al., 2014), a growing 
body of literature deals with the formation of voice-based impressions and 
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attitudes, including pleasantness (Hughes & Harrisson, 2013), attractiveness 
(Feinberg et al., 2005; Abend et al., 2015), perceived dominance (Puts et al., 
2006; Fraccaro et al., 2013) or competence (Klofstad et al., 2015). Also, the 
perception of accented language or a dialect may evoke certain attributions and 
attitudes towards the speaker (Rubin et al., 1991, Cargile & Giles, 1997, Cross et 
al., 2001). Such impressions and attitudes may serve as bases for further 
decisions and actions; for example, voting behavior (Klofstad et al., 2015; Tigue 
et al., 2012) or mate choice (Collins, 2000; Shoup-Knox & Pipitone, 2015) may 
be influenced. 
Little is known, however, about whether the perceptual behavior of individu-
als with different characteristics, such as age, gender, or any other factor, differs 
in their judgments. The results obtained so far seem to be equivocal. For exam-
ple, Rendall et al. (2007) found no significant differences between male and 
female listeners’ speaker size judgments; however, in an experiment by Charlton 
et al. (2013), men were better at classifying the apparent size of stimuli than 
female participants. In a similar experiment, Pisanski et al. (2016) did not find 
significant differences between sighted and congenitally blind subjects, and 
those who lost their sight later in life; and they did not find gender differences, 
either. 
One factor that may differentiate listeners in their judgments is the difference 
in their auditory skills. In the context outlined above, the main purpose of this 
work is to examine if individuals with musical training are more accurate in one 
area of voice-based social perception, i.e., age estimation. In this work, those 
individuals are defined to have “better skills” and be “more accurate” whose age 
judgments are closer to the calendar age of the speakers. As discussed later in 
detail, several authors pointed out that classical musical training enhances 
auditory processing skills in many ways. Does this lead to more accurate age 
judgments? If results support this, one can infer that voice-based social 
perception in musicians is based on more reliable foundations than in non-
musicians, which may possibly influence decisions in social interactions. 
1.2 Speaker age estimation 
Humans are in general able to judge the age of the speaker, purely based on the 
voice, although certain inaccuracies exist. Among the first researchers, 
psychologists Allport and Cantril (1934) published results of age estimation. 
They found that estimates were centered around a median of 35-40 years of age, 
however, they only used three speakers (actual ages: 27, 36, 51 years). More 
advanced methodology with a larger sample of speakers was used by Shipp and 
Hollien (1969). Their results suggested that strong correlation exists between the 
actual and the perceived ages (r = 0.88). However, strong correlation does not 
imply accurate judgments. While listeners tended to underestimate older 
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speakers’ age, they overestimated young adults’ age (Huntley et al., 1987). Both 
the strong correlation between actual and estimated age and tendencies of 
underestimation and overestimation have been confirmed by many other 
researchers. For example, high degree of correlation between actual and 
estimated ages was found by Winkler et al. (2003) (r = 0.864 for spontaneous 
speech and 0.862 for reading), Cerrato et al. (2000), who used telephonic voices 
(r = 0.77), or Stölten and Engstrand (2002), who found r = 0.92 when their 
younger and the older speakers’ groups were collapsed. 
In speaker age estimation, two main approaches exist. Cross-sectional experi-
ments use different speakers from a selected period, most commonly, recordings 
from speakers of the time when the research is carried out. In longitudinal 
settings, researchers use speech samples of the same persons recorded at differ-
ent time points. 
In a cross-sectional experiment, Hughes and Rhodes (2010) examined more 
closely how accurately the age of speakers belonging to different age groups can 
be judged. They found that raters were fairly accurate when determining the age 
of children and adolescents. A slight overestimation of speaker age was found 
with young male speakers, while the underestimation of the female speakers’ 
age was more prominent for speakers in the age group of 23-34. The degree of 
underestimation, however, was higher for the male speakers in age groups 35-45 
and 46-55. Finally, the age of speakers over 56 years of age was also 
underestimated but no significant difference between male and female speakers 
was found. Sandman et al. (2014) also reported a “tendency for estimates to 
gravitate to middle age”, implying correct estimates for middle-aged speakers, 
while more prominent differences were found between the estimated and real 
ages for younger or older speakers. 
A longitudinal experiment was carried out by Reubold et al. (2010). Two 
recordings from Queen Elizabeth II and three from broadcaster Alistair Cooke 
were used as stimuli. Listeners were accurate in identifying the Queen’s age as 
younger when listening to a 1972 recording, while they were right to identify her 
as older when hearing a 1983 recording. Cooke was identified younger on a 
1947 recording than on the 1970 recording; however, no significant differences 
between the 1970 and 1990 recordings were found. It was also found that the 
manipulation of f0, while other parameters remained constant, resulted in an 
unequivocal effect on perceptual age, while shifting F1, while keeping f0 
constant, provided mixed results. In another longitudinal study, 60 samples were 
extracted from public addresses by a male speaker over 48 years (aged 48-97). 
When the speaker was between 49 and 68 years old, he was estimated to be 
between 58 and 68, overestimating his age by 6 years on average. When the 
talker reached age 68, the estimates were in line with his calendar age; however, 
about 5 years of underestimation on average occurred (Hunter & Ferguson, 2017). 
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Concerning potential effects of listener factors, fewer results are available. 
Eppley and Mueller (2001) found that both the young and the old listener group 
underestimated the age of their elderly speakers; however, the older listeners’ 
estimations were, on the average, some four years closer to the actual age of the 
speakers than those made by the younger group but the difference was not 
significant. These background factors were summarized by Moyse (2014), who 
concluded that younger listeners are more accurate than older ones, irrespective 
of the age of stimuli, and the age of female voices is more accurately estimated 
than that of male speakers. 
Since the present study is carried out with Hungarian subjects, it is important 
to briefly review available literature. Previous findings with Hungarian speakers 
and listeners are in harmony with international results. A strong correlation 
between the real and estimated age (Gocsál, 1998; Bóna, 2013), inaccuracies of 
judgments, including overestimation or underestimation, have been documented 
in a variety of experimental settings (Gósy, 2001; Tatár, 2013; Tóth, 2014; 
Krepsz & Gósy, 2016; Gocsál, 2017). 
1.3 Auditory perceptual skills of musicians 
In the literature of speaker age estimation, listener factors such as age and 
gender have been considered so far. Little is known about other factors that may 
differentiate age judgments. One possible factor of this kind, which may play a 
role here, is the “quality” of the auditory processing mechanism of the listeners. 
How do listeners with more sophisticated auditory skills perceive extralinguistic 
contents of speech? Are they better at age estimation? One specific group of 
people in which auditory processing skills are expected to be better than those of 
others is musicians. For assessing potential differences in the auditory 
mechanisms of musicians and non-musicians, a large part of research uses non-
linguistic acoustic stimuli. In most of the cases, musicians do demonstrate more 
sophisticated skills, i.e., they are more sensitive to smaller differences in the 
acoustic sign. For example, musicians are better at identifying changes of 
frequency of pure tones both in silent and noisy conditions (Liang et al., 2016). 
Further experimental evidence for enhanced performance on frequency 
discrimination (Micheyl et al., 2006; Eadie et al., 2010; Madikal Vasuki et al., 
2016; Meha-Bettison et al., 2018), better auditory temporal-interval discrimina-
tion (Banai et al., 2012), or both (Boebinger et at,. 2015). Also, better pitch 
contour identification was found in musicians; however, training with pitch 
discrimination exercises results in the improvement of both musicians’ and non-
musicians’ performance (Micheyl et al., 2006; Wayland et al., 2010). 
In some cases, no such differences were found. For example, in tonal 
processing, sense of completion of a melody was rated similarly by musicians 
and non-musicians, even though neural responses were different. This suggests 
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that there may be specific mechanisms available for non-musicians, compen-
sating for their lack of musical training (Amemiya et al., 2014). 
Plasticity of the auditory cortex was also found to be induced by musical 
training, and Pantev and Herholz (2011) suggested that making music may even 
contribute to a more effective recovery from impaired auditory or motor skills 
caused by lesions. Musical training may also mitigate changes in auditory 
perception commonly occurring in aging adults (Alain et al., 2013). 
Discrimination of pure tones does not necessarily explain better performance 
(Eadie et al., 2008), spectrally more complex stimuli may help determine the 
underlying differences. It is therefore of particular interest to examine language 
related perceptual skills. In this context, effects of music training were studied 
by Flaugnacco et al. (2015). Their findings suggest that music training boosts 
phonological awareness, rhythmic abilities and reading skills, even when these 
skills are impaired. Speech segmentation skills are also improved by music 
training, which may contribute to children’s language development (François et 
al., 2013). Musicians are also more sensitive to subtle pitch changes, both in 
non-linguistic tones and spoken sentences (Deguchi et al., 2012). Kühnis et al. 
(2013) used spectrally and temporally manipulated CV syllables, and musicians 
demonstrated an increased responsiveness to the acoustic stimuli. Alexander et 
al. (2005) found that English-speaking musicians performed significantly better 
at identifying and discriminating Chinese lexical tones than English-speaking 
non-musicians. 
Musicianship seems also to be an advantage when one perceives speech in 
noise. Better perceptual abilities of musicians were demonstrated by Parbery-
Clark et al. (2009, 2011). Positive effects of music training on speech in noise 
perception were also demonstrated in children by a longitudinal research (Stater 
et al., 2015). A review paper by Coffey et al. (2017) compared research results 
obtained over a wide range of conditions and confirmed musicians’ advantage in 
speech-in-noise perception. However, some results do not support this 
conclusion: for example, those found by Boebinger et al. (2015) who concluded 
that it was nonverbal IQ rather than musical training that predicted speech 
perception thresholds in noise. A more realistic version of this type of 
experiment uses the multi-talker masking approach where the masking noise 
simulates a “cocktail-party” environment (Swaminathan et al., 2015). Musicians 
outperformed non-musicians when the maskers were spatially separated from the 
target voice, but no significant differences were found when the masking voices 
and the target voices were collocated. 
In another experiment by Sadakata and Sekiyama (2011), musicians were also 
better at discriminating and identifying morphed speech sounds, that is, they 
were more sensitive to subtle temporal and timbre differences of speech sounds 
when they heard minimal pairs of words, one of them unaltered, while the other 
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chosen from a series of slightly morphed versions of the words. Deme’s (2017) 
results, however, suggest that professional singers do not enjoy a perceptual 
advantage in the identification of high-pitched, sung vowels over naïve listeners. 
Concerning speech and music perception, only few comparative studies have 
been published. Chartrand and Belin (2006) found that in discriminating 
instrumental sounds and human voice samples with different timbres, musicians 
outperformed non-musicians. Musicians used more response time though, which 
was most likely due to a deeper level processing of the sounds. Another question 
related to the link between musicianship and speech perception addresses the 
issue of disorders related to music perception. An experiment by Liu et al. 
(2015) demonstrated that individuals who suffer from congenital amusia, i.e. are 
unable to discriminate pitch levels of a melody from birth, also experience 
difficulties in speech comprehension. Their results also revealed that amusia is 
not limited only to pitch processing. Amusic subjects achieved lower scores in 
perceiving flat f0 sentences, which implies that their deficits in speech 
perception go beyond pitch processing. These results are worth noting because 
they contradict statements that amusic individuals have a normal understanding 
of speech (Peretz & Vuvan, 2017). A wide range of other research related to 
differences in musicians’ auditory skills is available in the literature. For 
example, when evaluating dysphonic voices, musicians demonstrated 
significantly more agreement in judging the breathiness in dysphonic speakers 
than non-musicians (Eadie et al., 2008). 
The question whether auditory processing mechanisms for voice and music 
are separate or are at least in part overlapping has been discussed by several 
researchers. Chartrand and Belin (2006) proposed that voice timbre and 
instrument timbre discrimination involve similar mechanisms. If music related 
perceptual mechanisms were completely independent from voice related 
mechanisms, experiments would only demonstrate musicians’ advantage of 
discriminating instrument timbres, but not vocal timbres. However, their results 
showed that musicians outperformed non-musicians both in voice and 
instrument timbre discrimination tasks as well, thus, overlapping perceptual 
mechanisms were suggested. Hausen et al. (2013) found that music and speech 
perception is shared by the perception of rhythm and pitch. Strait and Kraus 
(2011) mentioned several specific common mechanisms such as auditory 
attention, working memory, neural function in challenging listening 
environments, sequential sound processing, and sensitivity to temporal and 
spectral aspects of sound. Perhaps the most comprehensive model that connects 
the perception of speech and music is proposed by Patel (2014). His expanded 
OPERA hypothesis (O = overlap between neural networks processing speech 
and music, P = higher precision of processing is demanded when music is heard, 
E = emotion, R = repetition of musical activities, A = focused attention 
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demanded by music), proposes that when music and speech share auditory 
perceptual mechanisms, and music places higher demands on those auditory 
mechanisms than speech does, speech processing may be enhanced in musicians 
(Patel, 2014). One possible explanation is that musical training improves the 
generic constitutional properties of the auditory system (Kühnis et al., 2013). 
In the context of the present research, perception of non-linguistic contents of 
speech is in focus. One direction of this kind of research is related to the 
perception of emotions. More intense patterns of emotional activation were 
observed in musicians than in non-musicians when they were listening to 
classical music (Mikutta et al., 2014), and out of the different types of emotive 
stimuli, negative emotions expressed in music are more arousing for musicians 
while responses to happiness in music evoke no specific activations (Park et al., 
2014). It is therefore an interesting question to examine how musicians perceive 
emotions from speech. Results suggest that musicians have better skills in 
identifying the emotions conveyed by tone sentences mimicking the prosody of 
spoken sentences. Also, musically trained adults were better at identifying 
spoken utterances that were emotionally neutral (Thompson et al., 2004). In an 
experiment by Pinheiro et al. (2015), musicians were more accurate in 
recognizing angry prosody from sentences, and, their general conclusion was 
that extensive musical training may impact different stages of vocal emotional 
processing. 
1.4 Research questions 
It has been demonstrated that humans are capable of estimating the speaker’s 
age, based on the speaker’s voice, although certain inaccuracies occur in 
estimations. Previous studies have found that speech rate, and in certain cases, 
speaking fundamental frequency are key properties of speech that listeners use 
(Reubold et al., 2010; Stölten & Engstrand, 2003; Winkler, 2007; Skoog Waller 
et al., 2012) in age judgments. If musicians’ auditory skills are more sensitive to 
temporal and frequency differences (Tervianemi et al., 2005; Elmer et al., 2012), 
it seems reasonable to raise the question if musicians’ age judgments are closer 
to the speakers’ calendar age than those of non-musicians. In particular, the 
research questions are as follows: (1) Do musicians’ and non-musicians’ age 
estimations correlate with the speakers’ calendar age? (2) Do musicians’ age 
estimations differ from those of non-musicians in different age groups of 
speakers? (3) Do differences in male and female listeners exist? Since we 
assume that musicians have more sophisticated auditory mechanisms, therefore 
it is hypothesized that (1) musician listeners’ age estimations correlate stronger 
with the speakers’ calendar ages than non-musicians’ estimations and (2) in each 
of three different age groups of speakers, musicians’ age estimations are more 
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accurate than those of non-musicians, and (3) we expect no differences between 
male and female listeners’ age estimations. 
2 Methods 
2.1 Acoustic stimuli 
24 male speakers (age range: 20-72 years) were selected from the BEA sponta-
neous speech database (Gósy et al., 2012) in a way that their ages were 
approximately evenly distributed over the age range of the whole sample, resul-
ting a mean difference of 2.16 years (range: 0-4 years) between two adjacent 
speakers. The speakers were nonsmokers and had either BSc or higher degrees 
or were students. Of the recordings, samples of approx. 20-30 seconds were 
chosen from the “interview” or “argument” task of the BEA recording protocol. 
The chosen speech samples were from longer monologues in which the speakers 
were talking about general themes, e.g. their job, local transportation, hobbies 
etc. in an emotionally neutral way. The speech samples included no textual 
information that the listeners may have used for inferring the speakers’ age. 
2.2 Listeners 
Listeners were students of the University of Pécs (n = 85, age range: 19-37, 
median: 22), without any prior training in phonetics. There were 42 listeners 
who study music (instrumental players of classical music, with at least 8 years of 
music education), and 43 students of other fields (sociology, fine arts, media), 
who cannot play an instrument and never received any kind of music training, 
apart from the compulsory singing classes at school. There were some non-
musician participants who had received some music training, but they were 
excluded from the study. Table 1 shows the gender distribution of musician and 
non-musician participants. No participant reported any kind of hearing 
impairment, complaints or previous medical treatment that may have influenced 
their auditory processes. 
Table 1. Participants of the study 
 musicians non-musicians 
males 14 14 
females 28 29 
2.4 Procedure 
The listening tasks took place in a silent seminar room of the Zsolnay campus of 
the University of Pécs, through good quality multimedia speakers, in groups of 
5-10. Listeners were instructed to estimate the speaker’s age in years and to 
write down their estimations on an answer sheet. Prior to the experiment, 
listeners were familiarized with the task by playing three sound samples to them. 
At the same time, the experimenter tested if all the listeners can clearly hear the 
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sound samples in the seminar room. Each of the sound samples was introduced 
by a 1 second 440 Hz beeping sound and a 2 second silent pauses. Each sound 
sample was played once. A sound sample was only played when all the subjects 
were ready with writing down their estimations for the previous sample. The 
speech samples were played in the same, randomized order in each group. Once 
the data were obtained, Pearson’s correlation coefficients were calculated and 
linear mixed models were fitted using the SPSS 23.0 software. 
3 Results 
3.1 Correlations between mean estimated age and real age 
To establish possible similarities with previous findings, mean values of the age 
estimations were calculated for each speaker, and Pearson’s correlation coeffi-
cients between the mean estimated ages and calendar ages were calculated. 
Figure 1 shows the scatterplot of the estimated mean ages against calendar ages 
with all listener groups collapsed. Pearson’s correlation coefficient indicates 
strong correlation (r = 0.806, p < 0.001). A strong correlation, however, does not 
necessarily suggest accurate judgments. The deviation of the regression line 
(dashed line) from the y = x line (solid line) suggests a tendency for younger 
speakers to be perceived older, while older speakers are believed to be younger 
than their actual age. The intersection of the two lines suggests accurate age 
estimations for speakers between 35 and 40 years of age. 
 
Figure 1. 
Scatterplot of mean estimated age and calendar age, 
all listener groups collapsed 
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Figure 2 shows musician participants’ mean age estimations against the 
calendar age of the speakers. For both musician males and females, correlation 
coefficient is comparable or identical with what was found with the overall 
group (r = 0.803 in males and r = 0.806 in females, p < 0.001 in both cases). The 
regression lines predict virtually identical age estimations in younger speakers, 
while female listeners’ age estimations are predicted to be slightly closer to the 
real age of the older speakers. 
Figure 3 illustrates non-musician participants’ mean age estimations against 
the calendar age of the speakers. 
Again, significant correlation coefficients are found (non-musician males: 
r = 0.839, non-musician females: r = 0.777, p < 0.001), which is slightly 
stronger in males and slightly weaker in females than what was found with the 
musicians’ group. The two regression lines are almost identical. 
 
Figure 2. 
Scatterplot of mean estimated age and calendar age, musician listeners 
Next, to explore whether listener gender and musicianship significantly 
influence age estimations, a linear mixed model was fitted with estimated age as 
dependent variable, calendar age as covariate and listener gender and 
musicianship as fixed factors. For this analysis, all data were used rather than 
mean values of age estimations. The obtained F-values were as follows: F(1, 
70.591) = 0.988, p = 0.324 for listener gender, F(1, 70.591) = 0.562, p = 0.456 
for musicianship and F(1, 70.591) = 0.202, p = 0.654. These values suggest that 
neither the individual fixed factors, nor their interaction is significant. In sum, 
although minor differences were observed between the listener groups when 
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Pearson’s correlation coefficients were used, a deeper analysis, including all data 
rather than mean values, revealed no effect of listener gender and musicianship. 
 
Figure 3. 
Scatterplot of mean estimated age and calendar age, non-musician listeners 
3.2 Accuracy of age estimations in different speaker age groups 
To determine the nature of accuracy of speaker age estimations, linear mixed 
models were implemented again in a different way. First, for each speaker, 
differences between the estimated and the calendar ages were calculated, and the 
difference values were z-standardized. Of the resulting 2040 values (85 listeners 
x 24 speakers) seven (0.3%) were excluded because of the z-score being over 3 
or below –3. Figure 4 demonstrates the related boxplots for all speakers. 
Although a visual inspection of the boxplots would suggest a slight difference 
in the mean values, calculations do not confirm a significant difference. Several 
covariate structures were tested for repeated effects, but none resulted in 
significant fixed effects. The lowest AIC value was obtained with the covariate 
structure “scaled identity”. The resulting F-values are as follows: F(1, 81.058) = 
0.089, p = 0.766 for the intercept, F(1, 81.058) = 1.128, p = 0.291 for the gender 
of the listener, F(1, 81.058) = 0.341, p = 0.570 for musicianship, and 
F(1, 81.058) = 1.126, p = 0.292 for the interaction of gender and musicianship. 
These results suggest that there is no significant tendency of underestimation or 
overestimation of age between the listener groups, i.e., it cannot be stated that 
when all speakers are collapsed into a single group, age estimations of musicians 
and non-musicians, males and females significantly differ. 
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Figure 4. 
Boxplot of z-scores of age estimations for all speakers 
It should, however, be noted that the above calculation does not rule out 
possible differences in different age groups. For a further analysis, three groups 
were made of the speakers and the same calculations were repeated separately 
with the groups. The young speakers’ group included speakers where overesti-
mation of age was most likely. The middle-aged speakers’ group, accurate 
estimations were expected, and, in the older speakers’ group, underestimation of 
age was most likely. Again, in each group, z-scores over 3 or below –3 were 
excluded. First, age estimations for 5 speakers, between 22 and 30, were 
analyzed. Figure 5 shows the results. 
Again, a visual inspection of the boxplots shows lower z-scores for the male 
musicians. Since the age of the younger speakers was in general overestimated, 
lower z values imply smaller differences between the estimated age and the 
calendar age, i.e. better age estimations. In the linear mixed model, different 
covariate structures resulted in very similar outcomes. Applying the covariate 
structure “scaled identity”, the following F-values were obtained: F(1, 85.339) = 
0.119, p = 0.731 for the intercept, F(1, 85.339) = 0.232, p = 0.631 for the gender 
of the listener, F(1, 85.339) = 3.411, p = 0.068 for musicianship, and 
F(1, 85.339) = 0.000, p = 1.000 for the interaction of gender and musicianship. 
These findings suggest a marginal but not significant main effect of 
musicianship, i.e., the lower z-scores of musician males suggest slightly more 
accurate estimations than those of the other groups, while non-musician females 
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seem to have been less accurate than the others. But, again, this difference is not 
significant. 
 
Figure 5. 
Boxplot of z-scores of age estimations for young speakers 
Finally, the calculations were carried out with the older speakers’ group (10 
speakers, ages between 53-72 years). In this case, one listener group, musician 
females, seems to be prominent, as Figure 7 shows. 
The second group consisted of 9 speakers between 32 and 50 years of age. 
Figure 6 shows slight differences between the boxplots; however, the differences 
are not significant. Again, different covariate structures result in substantially the 
same outcomes. The results, i.e., F(1, 84.804) = 0.036, p = 0.850 for the 
intercept, F(1, 84.804) = 0.510, p = 0.477 for the gender of the listener, 
F(1, 84.804) = 1.255, p = 0.266 for musicianship, and F(1, 84.804) = 0.130, 
p = 0.723 for the interaction of gender and musicianship, demonstrate not even a 
marginal effect of any of the factors. 
Again, several covariate structures were tested but substantially the same 
results were obtained. With the “scaled identity” covariate structure, intercept 
(F(1, 85.073) = 0.057, p = 0.812) and musicianship (F(1, 85.073) = 0.709, p = 
0.402) were not significant fixed factors, neither was gender (F(1, 85.073) = 
1.349, p = 0.249) or the gender × musicianship interaction (F(1, 85.073) = 3.047, 
p = 0.085). Removal of intercept did not improve the effect of the gender × 
musicianship interaction. This marginal but not significant interaction suggests 
somewhat better age estimations of female musicians (see Figure 7). In this case, 
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higher z-values imply better age estimations since higher estimated ages were 
closer to the calendar age. 
 
Figure 6. 
Boxplot of z-scores of age estimations for middle-aged speakers 
 
Figure 7. 
Boxplot of z-scores of age estimations for older speakers 
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4 General discussion 
The main purpose of the present paper was to reveal if musicians are more 
accurate in speaker age estimation than non-musicians. Our first hypothesis was 
not confirmed. Pearson correlation coefficients between mean estimated ages 
and calendar ages (r-values between 0.777 and 0.838) are in line with those 
reported in previous studies (Huntley et al., 1987; Cerrato et al., 2000; Winkler 
et al., 2003), and differ between the listener groups, but a repeated measures 
linear mixed model revealed no significant effect of listener gender and 
musicianship. 
Our second hypothesis was not confirmed either. No statistically significant 
differences were demonstrated by further analyses carried out with different age 
groups. The third hypothesis was confirmed, no significant differences were 
found between male and female listeners’ estimations. However, there was a 
non-significant tendency for male musicians to be more accurate in the age 
estimation of younger speakers, while female musicians were marginally better 
at estimating the age of the older speakers. 
One possible explanation for not finding more prominent differences is that 
differences between the vocal parameters of different aged speakers are large 
enough to be perceived even by listeners with less sophisticated perceptual 
mechanisms. The marginally better performance of male and female musicians 
in the two cases may reflect that they have “more accurate” vocal prototypes, at 
least for those age groups. Krepsz and Gósy (2016) outlined the nature of such 
vocal prototypes, which one builds through experiencing speakers and voices. 
Vocal prototypes then serve as bases for social perception, including age 
estimation. Future research should address this marginal difference. Other 
research has pointed out the role of voice quality in assessing the speaker’s 
dominance or attractiveness (Fraccaro et al., 2013; Puts et al., 2014) so it is 
possible that for male listeners it is important to develop vocal stereotypes so 
that they are more accurate in the perception of peers, while, for female listeners, 
it may be important to develop skills to be more accurate in the perception of 
more mature males. Musical training may be an advantage in the development of 
such vocal stereotypes and skills, but again, since non-significant differences 
were found, further experiments are needed. 
One of the main limitations of the present study is that the role of acoustic 
parameters was not analyzed. Previous studies have demonstrated the role of 
speech rate (Skoog Waller et al., 2015; Gocsál, 2017), fundamental frequency 
and formant structure (Reubold et al., 2010), or a combination of several 
parameters (Winkler, 2007; Harnsberger et al., 2008) in age estimations. Future 
work should also address the question if musicians and non-musicians use 
different strategies in using the acoustic parameters of speech in speaker age 
estimation. Their marginally better estimations in some cases may be attributable 
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to their attention that they pay to subtle details in the acoustic structure of 
speech. However, the effect of those subtle details is not large enough to make 
significantly better estimates. Also, further studies will need to examine why 
female listeners’ estimations covered a larger range than those of males 
(especially with speakers in the middle-aged and older group, see Figures 6 and 
7). It is possible that they are more uncertain in giving estimations on opposite-
sex speakers, but a similar experiment with female speakers would be necessary 
for a comparison. 
In conclusion, it can be stated that this experiment was the first attempt to 
demonstrate potential benefits of musicianship in speaker age estimation, and 
although no prominent differences were found, the marginally better estimations 
of musicians in some cases raise questions that deserve attention in the future. 
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